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Abstract:

Thi s docunent describes a set of attributes of a | ower |evel scheduling
i nstance — as found locally on systens — that can be used by a higher

| evel scheduling instance — as found in an Gid environment to interact
with renmote | ocal scheduling systens. This set of terns provides
directions for inplenenters of new schedulers that are used in
conput ati onal grids.

1. Introduction

A Computational Gid typically consists of a variety of different resources

with different owners. Usually those resources are not exclusively dedicated
to Gid usage. For instance, a conputer nay tenporarily be renoved fromthe

grid to solely work on a |ocal problem Many of those single Gid resources

use | ocal nanagenent systens that may include | ocal scheduling instances.

In general, sites can freely participate in Gid conputing by offering
resources provided that certain conditions |like security requirenents are
net. The interaction between those grid resources during the execution of a
job requires a scheduling layer that uses a different scheduling paradi gm
than that of local or centralized schedulers. Wile |local scheduling usually
i nvol ves a single scheduling instance that has access to all system
information, grid scheduling requires interaction to renpte sites and their

| ocal scheduling systems. This suggests the use of several scheduling |ayers
for the grid. Although the details of this scheduling architecture has not
yet been decided, it is clear that those | ayers need to exchange information.
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In this context, a distinction is nade between |ower |evel scheduling

i nstances for the local scheduling of resources and hi gher |evel scheduling

i nstances, that are used for interaction in coordinated scheduling in a
Conputational Gid. Both scheduling instances need to work efficiently
together in order to make best use of the Gid resources. This does not inmply
that the scheduling instances in a Gid nust forma static hierarchy. W use
t he expression higher l|evel scheduler to denote a scheduler that is actually
gueryi ng anot her schedul er for possible allocations for a query. This other
scheduler is called a | ower |evel scheduler. Therefore, the expression
“higher” results fromthe direction a query takes during the process of
schedul i ng and does not indicate a fixed hierarchy of schedulers. Hence, a

hi gher | evel schedul er at one nmoment may as well be a | ower |evel schedul er
next during another schedul er comruni cati on. Those | ower |evel schedul ers may
be part of queuing systens, |ike PBS, LoadLeveler, LSF, NQS, or they my

al ready i nclude scheduling features as those provided by GARA in d obus.

The purpose of this docunent is the definition of attributes that describe
t hose avail able features of such a | ower |evel scheduling instance that can
be exploited by a higher level scheduling instance. These attributes
facilitate the interaction and cooperati on between the different |evels of
Grid scheduling systemas there may be different |ocal schedulers with
different features. Note that the docunent only focuses on the attributes
for schedul er comruni cati on w thout addressing mechanisns for this

communi cati on.

Al so these attributes do not describe the structure and syntax for the
resource description, like, for instance, the m ni mum nunber of processors or
t he amount of nenory requested. This information can be accessed through the
Gid information service. Wile this is also an inportant part of the grid
infrastructure it is specified in a different docunent. Instead only the
features offered by the | ower |evel scheduling instance to the higher |eve
schedul i ng i nstance are addressed in this docunent. Consequently, there are
no attributes in this docunent to determ ne the set of resources a | ower

| evel scheduler is responsible for. Further, although this docunent does not
define the interface between the different scheduling layers in detail, it
can be seen as the first step in this direction

Note, that the features described by the attributes are neither an obligation
nor a limtation for the design of a | ower |evel scheduling system For

i nstance, sone features are not relevant for certain resource types.
Therefore, they are not considered in the corresponding | ocal schedul ers. But
the attributes defined in this docunent are restricted to be used in
connection with a specific resource type.

Finally, this list focuses on scheduling systens used today. Future

devel opnents will provide additional features supported by the scheduling
instances that will require correspondi ng adaptati on of the scheduling
attributes. Therefore, this list should serve as a starting point.
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2. Typical Scenario

In a typical exanple, the higher |evel scheduling instance (a grid job
schedul er) coordi nates the scheduling for nulti-site application or helps to
sel ect the best resources for a job anong different possible resource offers.
Typically, this scheduler itself has no direct control over resources.
Therefore, it needs to comrunicate with and appropriately trigger |ower |eve
schedul i ng instances. Those | ower |evel schedul ers either control resources
directly or have sonme kind of access to their |ocal resources. However, note
that the concept is not restricted to two |evels of scheduling instances.
Therefore the | ower |evel scheduling instance can be a local scheduler for a
single resource or it nmay be a scheduling systemthat manages severa
resources. If nore than two | evels of scheduling instances are used then a
scheduling instance in the nmddle needs to collect attributes from possibly
several |ower |evel scheduling instances, conbine them and provi de those
conbined attributes to a higher level scheduling instance. In this document
we do not address the method of conbining attributes, as there are severa
possi bl e solutions to this problem |ike a logical and or a attributes
associated with a list of resources. The type of the resources handl ed by

| ower |evel schedulers is not restricted to conmputing resources but may al so
i ncl ude other resources as, for exanple, some network bandwi dth that is
controll ed by a bandw dt h broker

In this docunent we will use the term“allocation” for assignnents of
resources to a request. An allocation is tentative until it is finally
executed, that is, until resources are actually consumed. The schedul e

mai nt ai ned by some managenent instance gives information on the planned or
guaranteed all ocations. Also note that any guarantee of an allocation only
refers to the guaranteed assi gnnent of resources, but does not guarantee the
conpletion of a job

As a sinple exanple assune a Conmputational grid that includes the follow ng
resources fromdifferent institutions:

» Several clusters of workstations

e a visualization cave

e a special database

e a network with bandw dth brokerage that connects the other resources.

On request of an application a grid job scheduler tries to find a conbi ned
allocation that includes a set of 5 workstations, a visualization cave during
one stage and the access to a database at another stage. To this end, the
grid job scheduler has to interact with the | ocal managenent instances of the
various resources to find suitable allocations. In order to do its job the
grid job schedul er needs not only informati on about the avail abl e resources
but al so about the avail able features of the corresponding | ocal schedul ers.

For instance, the grid schedul er wants a guaranteed conpletion tine of

al l ocation for one stage in order to nmake an advanced reservation for the

vi sual i zation cave in the next stage. |If such a guarantee cannot be provided
by any of the corresponding | ower |evel scheduling instances, the grid
schedul er prefers an exclusive allocation to limt the influence of other
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i ndependent jobs. Finally, if such a feature is also not available, the grid
schedul er may reserve additional resources if it can preenpt the job a one
stage and migrate it to a |l ess heavily used set of resources, if necessary.

We suggest that this informati on about the features of |ower |evel scheduling
i nstances can be provided in formof a |ist of attributes.
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3. Attributes of allocation properties

These attributes are useful for a higher |evel scheduling instance to
determne timng, lengths and reliability of allocations.

3.1 Revocation of an allocation

This attribute indicates that the |ocal nanagement may revoke an al ready made
allocation while the allocation is still tentative. This nay even happen

al t hough the higher I evel scheduling instance has fulfilled all its
requirenents to keep the allocation. For instance, the resources of the

al l ocation may be withdrawn from Grid usage or nay be used to execute another
job with a higher priority. Therefore, this attribute indicates that the
allocation is not guaranteed. Note that this attribute is independent of any
process that nust be executed by the user systemor the higher |eve
schedul i ng systemto prevent deall ocation according to the deallocation
policy of a lower |evel scheduling system

3.2 Cuaranteed conpletion tinme of allocations

This attribute indicates that the |ocal nanagenment system guarantees the
conpletion time of an allocation. This does not necessarily mean that the
actual allocation is known but only that the system guarantees that the
requested resource allocation will be executed before a given deadline.

3.3 Allocations run-to-conpl etion

This attribute indicates that the |ocal nanagenent will not preenpt, stop or
halt an application after it has been started. The allocation will stay
active on the given resources until the end of the requested tine or the
conpl etion of the job.

3.4 Exclusive allocations

This attribute indicates that the allocation runs exclusively on the provided
set of resources. The resources are not tine-shared and the executed
allocation is not affected by the execution and resource consunption of

anot her all ocation running concurrently.

3.5 Mal |l eabl e al |l ocati ons

This attribute indicates that the resource-set of an application can change
the resource set during execution of the allocation, that is, the |loca
management system supports the addition or rempoval of resources from
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applications during run-tinme. This nodification of the allocation does not
require run-tinme involvenment of the higher |evel scheduling instance.

Option: Mol dable allocations
This attribute indicates that the |ocal resource nmanagenent can only increase

the resource set of an allocation during run-tinme. In contrast to nall eable
al l ocations resources are not taken fromthe application.
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4. Attributes of avail able information

This attributes allow the higher |evel scheduling instances to determ ne
which infornmation it nay obtain froma | ower |evel scheduling instance and
how reliable this information is.

4.1 Access to the tentative schedul e

This attribute indicates that the |ocal nanagenent returns on request a
current schedule for present and future allocations. This information can be
hel pful for the grid job scheduler to determne suitable tinmeslots that can
be used, for instance, for co-scheduling in nulti-site conputing.

There are many options possible for this attribute.

Option: Projected start tinme of a given allocation
Option: Partial information on the current schedul e.

The access to the schedule nay be linmted due to system policies or
restrictions of the |ocal nanagenent.

4.2 Exclusive Control

This attribute indicates that the | ower |evel scheduler is in exclusive
control of the resources and no allocations can be schedul ed on those
resources without using this | ower |evel scheduling instance. This
information is useful to determine the reliability of scheduling informtion.

4.3 Event Notification

This attribute indicates that the |ower |evel scheduling instance supports
event subscription. A higher |evel scheduling instance nmay subscribe to
specific events and use this information for nonitoring or rescheduling of

al I ocati ons.

Note that this docunent neither specifies the event types nor gives a
definition of interfaces to query supported event types. This attribute only
i ndi cates that such a mechanismis avail able.
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5. Attributes for manipulating the allocation execution

These attributes indicate supported scheduling functionalities of the |ower
| evel scheduling instance that can be used by a grid job scheduler to
directly nodify a running allocation

5.1 Preenption

This attribute indicates that the |ocal resource managenent allows the
tenporary preenption of an allocation by a higher |evel scheduling instance.
In this case the corresponding application is stopped but renmains resident on
the allocated resources and can be resuned later. This preenption is not
synonynous with the preenption in a multi-tasking systemthat typically
happens in the time range of mlliseconds. It only indicates that the |oca
managenent offers the ability to renotely initiate a preenption of another
allocation to e.g. tenporary free resources for other usage or to synchronize
two al locations on different resources.

5.2 Mgration

This attribute indicates that the | ocal nanagenent system allows the

m gration of an application or part of an application fromone resource set
or subset to another set. This way an application can be stopped at one

| ocation, the corresponding data noved to another |ocation and the execution
can be resumed.

5.3 Checkpoi nti ng

This attribute indicates that the |ocal nanagement system supports the
checkpointing of a job. Afile of a checkpointed job is generated that all ows
a later continuation fromthat point. The checkpoint file may al so be

m grat abl e under sone conditions.
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6. Attributes for requesting resources

These attributes indicate functionality of the |ower |evel scheduling

i nstance that are useful for a higher |level scheduling instance to determ ne
whi ch i nformati on nust be provi ded when requesting resources and which
answers to expect.

6.1 Allocation offers

This attribute indicates that the |ocal resource nanagenment supports the
generation of potential resource allocations for a request.

For instance, if several resources are capable to fulfill a request,

a grid job scheduler can first query those systens for the allocation and
afterwards make its decision to accept the allocation

Options: Single/multiple offers for a request.

This option indicates that the | ocal nmanagenent system can provi de severa
offers for a request with possible overl apping allocations.

For instance, a grid job scheduler may use this feature for nulti-site
application where corresponding all ocations nmust be found on different sites.

6.2 Allocation cost/objective informtion

This attribute indicates that the |ocal nanagenment system can return

obj ective or cost information for an allocation

In case of several allocation offers, a grid job scheduler can, for instance,
use this information for the eval uation

The cost/quote for a specified allocation usually relates to the policy that
is applied by the | ower |evel scheduling instance. This represents the
schedul i ng objective of the owner of the resource.

6.3 Advanced reservati on

This attribute indicates that advanced reservation is supported according to
t he proposed advanced reservation protocol.

6.4 Requirenment for providing maxi num allocation [ ength in advance
(Support/No Support for undeterm ned allocation |ength)

This attribute indicates that the |ocal nanagenent systemrequires an
allocation length to be given in advance. Historically, resource requests
of ten have been submitted w thout additional information on the amount of
time that the resources will be used. These prograns have been started and
run until conpletion. Current scheduling algorithnms as, for exanple, the
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backfilling algorithmrequire additional information on the nmaxi mum
al I ocation |ength.

5.4 Deal |l ocation policy

This attribute indicates that sone kind of deallocation policies for pending
al l ocation applies. Sone systens pose requirenments that nust be net to keep
the allocation valid.

An exanple for such a policy is the requirenment that an allocation nmust be
repeatedly confirmed until the execution of the allocation

These policies must be further specified to allow the higher |evel scheduler
to keep the allocations.

6.5 Renote co- Schedul i ng

This attribute indicates that the |ocal nanagenment instance allows co-
schedul i ng where the actual resource allocation and schedule is generated by
a higher scheduling instance. This includes the generation/cancellation of

al l ocations on the local schedule by the higher |evel schedul er.

For instance, a grid job scheduler can use this property to quickly co-

all ocate resources at different sites in order to fulfill a nmore conplex job
request.

6.6 Consideration of job dependencies

This attribute indicates that the |l ower |evel schedul er takes dependencies
bet ween al l ocations into account if there are provided by the higher |eve
schedul i ng instance. For instance, in case of a conplex job request the | ower
| evel -scheduling will not start an allocation if the conpletion of another
allocation is required and still pending.

Schwi egel shohn/ Yahyapour I nf or mat i onal [ Page 10]



SchedWb 10. 4 Schedul ing Attributes August 2001

7. Aut hors’ Address

Une Schwi egel shohn
Une. Schwi egel shohn@ni - dort mund. de

Ram n Yahyapour
Ram n. Yahyapour @ni - dor t mund. de

Conput er Engineering Institute, University Dortmund

Schwi egel shohn/ Yahyapour I nf or mat i onal [ Page 11]



	Introduction
	Typical Scenario
	Attributes of allocation properties
	Revocation of an allocation
	Guaranteed completion time of allocations
	Allocations run-to-completion
	Exclusive allocations
	Malleable allocations

	Attributes of available information
	Access to the tentative schedule
	Exclusive Control
	Event Notification

	Attributes for manipulating the allocation execution
	Preemption
	Migration
	Checkpointing

	Attributes for requesting resources
	Allocation offers
	Allocation cost/objective information
	Advanced reservation
	Requirement for providing maximum allocation length in advance�(Support/No Support for undetermined allocation length)
	Remote co-Scheduling
	Consideration of job dependencies

	Authors’ Address

